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® Reinforced honeycomb core sandwich panels and method for making same. 

® The composite structural panel has bottom, top 
and edge layers which enclose a primary core. The 
core provides additional structural strength to the 
panel. The edge layer forms a desired panel edge 
angle of approximately 20* to 45*. The primary 
core is trimmed at an angle of approximately one- 
half the desired edge angle to form a first pressure 
reaction surface. A peripheral core is positioned on 
the tapered portion of the primary core so that the 
axis of the peripheral core is perpendicular to the 
first pressure reaction surface. The peripheral core is 
trimmed to form a second pressure reaction surface 
beneath the edge of the panel. The structure is 
lightweight and resists deformation of the panel edge 
when the panel is cured under elevated pressure in 
an autoclave. 
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REINFORCED HONEYCOMB CORE SANDWICH PANELS AND METHOD FOR MAKING SAME 



Technical Fieid 

The invention relates to techniques for con- 
stnjcting composite material structural panels hav- 
ing reinforcing cores. More specifically, the inven- 
tion relates to construction techniques for inn prov- 
ing core resistance to edge defornnatlon during 
autoclave curing processes. 



Background Art 

Structural panels having reinforcing cores are 
used in a variety of applications in the aerospace 
industry. Reinforcing cores are often necessary in 
large panels to provide sufficient rigidity and struc- 
tural strength in the panel so that the panel can 
withstand substantial loading. 

Typical panels have a bottom composite layer 
manufactured from a fibrous material which is im- 
pregnated with a resin. A core material of amor- 
phous foam or honeycomb structure is then posi- 
tioned on the bottom layer. A top composite layer 
is then bonded to the core. An edge layer is then 
applied to connect the top and bottom layers and 
to seal the core therebetween. This assembly is 
then cured in an autoclave at elevated tempera- 
tures and pressures. 

The reinforcing core" is typically designed to 
have substantial compression resistance along a 
core access. The core is typically oriented with 
respect to the top and bottom layers so that the 
core axis Is perpendicular thereto. In this way, the 
structural panel undergoes loading in a fashion 
similar to a bearh wherein the. top and bottom 
layers correspond to the flange portions of a beam 
and the core corresponds to the web portion of a 
beam. The core itself has little resistance to com- 
pression in a direction perpendicular to the core 
axis. Thus, the edges of the core are particularly 
susceptible to deformation when the panels are 
autoclaved. 

A number of construction techniques have 
been adopted to prevent deformation of the core 
edges when the panel is autoclaved. In one tech- 
nique, a peripheral edge material having substantial 
rigidity in a direction both parallel to and per- 
pendicular to the core axis is positioned around the 
periphery of the core. In this way, pressure exerted 
on the edge of the panel is not transferred to the 
core. This method dlsadvantageousiy increases the 
weight of the panel. 

In another technique shown in Rgure 5 of U.S. 
Patent No. 4.256,790 issued to Lackman et al., the 



periphery of the core is tapered at an angle of less 
than approximately 20*. The top layer of compos- 
ite material covers this tapered core portion and 
provides a pressure surface which forms an acute 

5 angle with respect to the core axes of at least 70 ' . 
It has been found that for many core materials, 
under typical autoclave pressure, the core will not 
crush if the pressure surface which transfers force 
to the core forms an angle of at least 70 * to 90 ' 

10 with respect to the core axes. This technique incurs 
no weight penalty whatsoever and prevents the 
core edges from being crushed during autoclaving. 
However, this technique is disadvantageous if the 
core has a thickness substantially greater than one 

IS inch. For example, if the core has a thickness of 
• approximately four inches, the tapered section will 
have a length of approximately twelve inches. This 
may be particularly inconvenient if fittings such as 
latches, hinges, etc. are to be attached to the panel 

20 edges. 

Therefore, it is desirable for assembly pur- 
poses that tapered structural panels have edges 
which taper at relatively steep angles. Various prior 
art techniques are available to achieve steeper 

2S edged taper angles. In one technique doubler lay- 
ers are interpositioned within the top and bottom 
layers adjacent to the tapered core portion to in- 
crease the rigidity of the core edges. In another 
technique, a denser core material is used on the 

30 taper periphery of the panel. In yet another tech- 
nique the tapered core portion is filled with a pot- 
ting material. Each of these techniques involves a 
weight penalty which is undesirable. 

Therefore, a need exists for a structural panel 

35 construction technique which permits relatively 
steep taper angles on the edges of a structural 
panel and which does not substantially Increase the 
weight of the panel. 

40 

Summary of the Invention 

The present invention provides a structural 
panel which may have a relatively steeply tapered 

45 edge, preferably without substantially increasing 
the weight of the panel, and preferably while pro- 
viding substantial lateral compression resistance to 
edges of the panel. 

According to one aspect of the invention, there 

50 is provided a core structure for reducing autoclave 
pressure induced edge failure of structural panels 
of the type having a bottom layer, a top layer, an 
edge layer and a primary core therebetween, 
wherein the primary core has substantial compres- 
sion resistance along a primary core axis compris- 
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ing: 

a primary core having substantial connpression re- 
sistance along a primary core axis, the primary 
core axis being positioned substantially perpen- 
dicular to a panel bottom layer, the primary core 
having a peripheral edge defining a first peripheral 
pressure surface at a first acute angle with respect 
to the primary core axis; and 
a peripheral core having substantial structural com- 
pression resistance along a peripheral core axis, 
the peripheral core axis being positioned substan- 
tially perpendicular to the first peripheral pressure 
surface, the peripheral core having a second pe- 
ripheral pressure surface at a second acute angle 
with respect to the peripheral core axis, whereby a 
panel having the primary and peripheral cores can 
be exposed to elevated pressures during curing 
without substantial deformation of the cores. 

According to another aspect of the invention, 
there is provided a structural panel having compos- 
ite layers which enclose a core, the panel having 
an edge angled between desired edge angles of 
approximately 20 ' to 45 ' , comprising: 
a bottom layer of composite material; 
a top layer of composite material: 
a primary core having substantially parallel struc- 
tural members positioned substantially perpendicu- 
lar to the bottom and top layers, the primary core 
having a peripheral portion tapered at a first taper 
angle of approximately one half of a desired edge 
angle with respect to the bottom layer 
a peripheral core portion connected to the primary 
core tapered portion, the .peripheral portion having 
substantially parallel structural members positioned 
at an obtuse angle of approximately 180* less the 
first taper angle with respect to the structural mem- 
bers of the primary core, the peripheral core por- 
tion being tapered at a second taper angle of 
approximately one half of the desired edge angle 
with respect to the primary core's peripheral por- 
tion; and ■ 

an edge layer of composite material on the tapered 
portion of the peripheral core, whereby the struc- 
tural panel is enclosed by the layers and is resis- 
tant to edge deformation when cured in an auto- 
clave at an elevated pressure. 

According to yet another aspect of the Inven- 
tion, there is provided a method for forming a 
composite structural panel of the type having a 
bottom composite layer, a top composite layer, an 
edge composite layer and a core material there- 
between, comprising the steps of: 
positioning a bottom layer on a forming tool; 
positioning a primary core having substantial com- 
pression resistance along a primary core axis on 
the bottom layer so that the primary core axis is 
substantially perpendicular to the bottom layer; 
tapering a peripheral portion of the primary core to 
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form a first peripheral pressure surface at a first 
acute angle with respect to the primary core axis; 
positioning a peripheral core having substantial 
compression resistance along a peripheral core 
5 axis on the first peripheral pressure surface so that" 
the peripheral core axis is substantially perpendicu- 
lar thereto; 

tapering the peripheral core to form a second pe- 
ripheral pressure surface at a second acute angle 

w with respect to the peripheral core axis; 

positioning a top layer on the primary core; 
positioning an edge layer on the second peripheral 
pressure surface, whereby the primary and periph- 
eral cores are enclosed by the top, bottom and 

75 edge layers; and 

exposing the assembled layers and cores to ele- 
vated pressure and temperatures sufficient to cure 
the layers and form a substantially rigid, composite 
structural panel without deforming the cores, 

20 The invention provides a structural panel hav- 

ing a tapered primary core and a tapered periph- 
eral core. The primary and peripheral cores may 
have substantial compression resistance along re- 
spective core axes and substantially less compres- 

25 sion resistance in a direction perpendicular to the 
core axes. 

The primary core is tapered so as to define a 
first peripheral pressure surface on the primary 
core which forms a first acute angle with respect to 

00 a primary core axis. The first acute angle is larger 
than a predetermined, primary core critical angle at 
which autoclave pressures would crush the core. 
The peripheral core is connected to the first periph- 
eral pressure surface on the primary core. The 

35 peripheral core is oriented with respect to the pri- 
mary core so that the peripheral core axis is sub- 
stantially perpendicular to the first peripheral pres- 
sure surface on the primary core. The peripheral 
core is also tapered and forms a second peripheral 

40 pressure surface at a second acute angle with 
respect to the peripheral core axis. The second 
acute angle is also greater than a predetermined, 
peripheral core critical angle at which autoclave 
pressure on the peripheral core would crush the 

45 peripheral core- The primary and peripheral cores 
are sandwiched between bottom, top and edge 
composite layers. The resulting structure has sub- 
stantial resistance to autoclave pressure induced 
edge failure of the panel because force is trans- 

50 ferred to the core axes at an angle which is greater 
than critical angles for the cores. 

In a preferred embodiment of the invention, a 
septum is positioned between tiie primary core and 
the peripheral core at the tirst peripheral pressure 

55 surface to stabilize the cores. The primary and 
peripheral core edges are botii tapered at edge 
taper angles between approximately 10* to 22.5* . 
In tiiis way, the structural panel has a desired edge 

3 
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angle of approximately 20 ' to 45 ' , The panel thus 
constructed is resistant to edge crushing in the 
autoclave and has a relatively steep edge angle, 
which is highly desired, especially if the primary 
core Is relatively thick. 

More than one peripheral core may be pro- 
vided. For example, the primary core can be ta- 
pered at an edge angle of approximately 15*. Two 
peripheral cores can be provided having tapered 
edge angles each of also 15*. The peripheral 
cores are positioned one on top of the other, and 
the resulting peripheral core assembly is positioned 
on the first peripheral pressure surface of the pri- 
mary core. Thus, a desired edged angle for the 
panel of approximately 45* is achieved, wherein 
each core axis forms an acute angle of 75* with 
respect to an adjacent pressure reaction surface. 
The resulting structure is light in weight and highly 
resistant to edge crushing during autoclave curing. 



Brief Description of the Drawings 

Figure 1 is an isometric view of a composite 
structural panel utilized in a landing gear door for 
an aircraft. 

Figure 2 is an enlarged, sectional, elevational 
view of a composite structural panel utilizing the 
edge construction technique of the present inven- 
tion. 



Best IVIode for Carrying Out the Invention 

• A composite structural panel, made in accor- 
dance with the construction technique of the 
present invention is generally indicated at refer- 
ence number 10 in the figures. As shown In Figure 
1 , the panel 1 0 can take the form of a landing gear 
door 12 on an aircraft 14. The landing gear door 12 
is pivotally connected to the aircraft 1 4. such as by 
hinges 16. The door 12 conceals a cavity 18 in the 
aircraft 14 which houses the landing gear 20 when 
the landing gear 20 is retracted. Latches 22 main- 
tain the landing gear door 12 in a closed position 
under aerodynamic loading. 

The composite structural panel 1 0 is generally 
of the type which has a bottom layer 24. top layer 
26 and edge layer 28 manufactured from a com- 
posite material such as a graphite fiber/epoxy resin 
laminate. The layers surround a core, generally 
indicated at reference numeral 30 which provides 
substantial structural strength to the panel 10. The 
edge layer 28 and bottom layer 24 merge to fomn a 
peripheral flange 32. The peripheral flange pro- 
vides an attachment point for bolts 34 or other 
fasteners to connect the panel 10 to various fit- 
tings, such as the hinges 16 or latches 22. The 
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panel is generally laid up on a forming tool (not 
shown) before being cured in an autoclave. 

The core 30 has substantial compression resis- 
tance along a core axis. The preferred core has a 

5 honeycomb structure which has substantial resis- 
tance to compression along axes of the 
honeycombs, but which has relatively little com- 
pression resistance along a direction perpendicular 
to the honeycomb axes. 

ro The composite structural panel 10 is cured in 

an autoclave, at an elevated temperature and pres- 
sure. As previously stated, the honeycomb core 30 
resists compression along the core axis. However, 
transverse forces tend to crush the core, particu- 

fs larly along edges of the core. Depending on the 
core material, the core will crush at" various dif- 
ferent critical angles when subject to a force having 
a component which is transverse to the core axis. 
The core may be constructed -from aluminum, 

20 fiberglass, titanium, nylon or other materials. It has 
been found, for example, that an aluminum hon- 
eycomb core having a height of approximately two 
inches cannot sustain typical autoclave pressure if 
the pressure is exerted in a direction more than 

25 approximately 20* from the core axis. That is, if 
the edge of the panel 10 is tapered so that a 
pressure reaction surface forms an angle less than 
70 * with respect to the core axis, the edges of the 
core may collapse when the structural panel is 

30 cured in an autoclave. As previously stated, it is 
desirable in structural panels having relatively thick 
cores, that the panel have a desired edge taper of 
between 20 ' to 45* . 

The panel 10 shown in Figure 2 has a desired 

35 panel edge angle 35 of 45* . The panel Is provided 
with a tapered primary core 36 consisting of a 
lower honeycomb core 38 and an upper honey- 
comb "core 40. A septum 44 of composite material 
is located between the upper and lower cores 40, 

4o 38 to stabilize the primary core 36. The upper and 
lower cores each have a height of approxlrnateiy 
two inches, providing the primary core 36 with a 
height of approximately four inches. 

The primary core 36 has a peripheral edge 

45 which is tapered at a primary core taper angle 46 
of approximately 22,5* to define a first pressure 
reaction surface 48. The first pressure reaction 
surface thus forms a first acute angle 50 of ap- 
proximately 68.5' with respect to a primary core 

50 axis 52. It has been found that the primary core will 
not deform under conventional autoclave curing 
pressures as long as the first acute angle 50 ex- 
ceeds 68.5 * . 

For certain assembly purposes, it is highly 

55 preferred that the structural panel 10 have the 
panel edge angle 35 of approximately 45* . The 
core 30 is therefore provided with a peripheral core 
56 having peripheral core axes 58 which are per- 

4 
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pendicular to the first peripheral pressure reaction 
surface 48. A peripheral septum 49 provides a 
foundation for the peripheral core 56 and a means 
for bonding the peripheral core 56 to the primary 
core 36. 

The peripheral core 56 has an upper edge 60 
which is trimmed flush with the upper honeycomb 
core 40. The peripheral core 56 also has an outer 
edge 62 which is trimmed at a peripheral core 
taper angle 64 of approximately 22.5 ' with respect 
to the first pressure reaction surface 48 and periph- 
eral septum 49. The outer edge 62 of the periph- 
eral core 56 thus forms a second pressure reaction 
surface 66 which forms a second acute angle 68 of 
approximately 68.5o with respect to the peripheral 
core axes 58. The peripheral core will not deform 
under conventional autoclave pressures as long as 
the second acute angle 68 exceeds approximately 
68.5*. Therefore, the panel 10 is capable of with- 
standing autoclave pressures without any substan- 
tial deformation of the primary or peripheral cores 
36, 56. It is preferred that the primary and periph- 
eral cores 36 and 56 be constructed from the same 
materials, thus preventing excessive weight from 
being introduced into the panel 10. 

Other embodiments and variations are con- 
templated. For example, the primary and peripheral 
core taper angles 46 and 64 need not necessarily 
be equal to one another and be one-half of the 
desired panel edge angle 54. Variations may be 
acceptable so long as the first acute angle 50 and 
second acute angle 68 for the primary and periph- 
eral cores 36, 56 exceed predetermined critical 
angles for the core materials. In addition, the tech- 
nique described above may be applied to structural 
panels for use wherever a substantially rigid, ligh- 
tweight panel of this type may be expected to 
experience substantial loading, either aerodynamic 
or otherwise. In view of the above, the Invention is 
not to be limitecl by the above description, but is to 
be determined in scope by the claims which follow. 



Claims 

1 . A core structure for reducing autoclave pres- 
sure induced edge failure of structural panels of the 
type having a bottom layer, a top layer, and edge 
layer and a primary core therebetween wherein the 
primary core has substantial compression resis- 
tance along a primary core axis comprising: 
a primary core having substantial compression re- 
sistance along a primary core axis, the primary 
core axis being positioned substantially perpen- 
dicular to a panel bottom layer, the primary core 
having a peripheral edge defining a first peripheral 
pressure surface at a first acute angle with respect 
to the primary core axis; and 



a peripheral core having substantial structural com- 
pression resistance along a peripheral core- axis, 
the peripheral core axis being positioned substan- 
tially perpendicular to the first peripheral pressure 

5 surface, the peripheral core having a second pe- 
ripheral pressure surface at a second acute angle 
with respect to the peripheral core axis, whereby a 
panel having the primary and peripheral cores can 
be exposed to elevated pressures during curing 

10 without substantial deformation of the cores. 

2. The core structure of claim 1 wherein the 
first and second acute angles are larger than pre- 
determined first and second critical angles for the 
primary core and peripheral core, respectively, 

75 wherein the critical angles are angles at which the 
cores deform when exposed to a predetermined 
pressure. 

3. The core structure of claim 2 wherein the 
primary core and peripheral core have substantially 

20 similar densities and axial compression resistance 
and wherein the first and second acute angles are 
equal. 

4. The core structure of claim 3 wherein the 
first and second acute angles are approximately 

25 equal to 70 ' . 

5. The core structure of claim 1 including an 
edge layer on the second peripheral pressure sur- 
face. 

6. The core structure of claim 1 including a 
30 peripheral septum between the primary core and 

the peripheral cores at the first peripheral pressure 
surface to stabilize the peripheral core. 

T. A structural panel having composite layers 
which enclose a core, the panel having an edge 

35 angled between desired edge angles of approxi- 
mately 20' to 45* , comprising: 
a bottom layer of composite material: 
a top layer of composite material: 
a primary core having substantially parallel struc- 

40 tural members positioned substantially perpendicu- 
lar to the bottom and top layers, the primary core 
having a peripheral portion tapered at a first taper 
angle of approximately one half of a desired edge 
angle with respect to the bottom layer; 

45 a peripheral core portion connected to the primary 
core tapered portion, the peripheral portion having 
substantially parallel structural members positioned 
at an obtuse angle of approximately 180* less the 
first taper angle with respect to the structural mem- 

50 bers of the primary core, the peripheral core por- 
tion being tapered at a second taper angle of 
approximately one-half of the desired edge angle 
with respect to the primary core's peripheral por- 
tion; and 

55 an edge layer of composite material on the tapered 
portion of the peripheral core, whereby the struc- 
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turai panel is enclosed by the layers and is resis- 
tant to edge deformation when cured in an auto- 
clave at an elevated pressure. 

8. The structural panel of claim 7 including a 
septum between the peripheral core portion and 5 
the primary core. 

9. The structural panel of claim 7 wherein the 
primary core has a thickness of approximately four 
inches and wherein the first and second taper 
angles are approximately 20* . w 

10. A method for forming a composite struc- 
tural panel of the type having a bottom composite 
layer, a top composite layer, an edge composite 
layer and a core material therebetween, comprising 

the steps of: • .is 

positioning a bottom layer on a forming tool: 
positioning a primary core having substantial com- 
pression resistance along a primary core axis on 
the bottom layer so that the primary core axis is 
substantially perpendicular to the bottom layer; zo 
tapering a peripheral portion of the primary core to 
form a first peripheral pressure surface at a first 
acute angle with respect to the primary core axis; 
positioning a peripheral core having substantial 
compression resistance along a peripheral core 25 
axis on the first peripheral pressure surface so that 
the peripheral core axis is substantially perpendicu- 
lar thereto: 

tapering the peripheral core to form a second pe- 
ripheral pressure surface at a second acute angle 3o 
with respect to the peripheral core axis: 
positioning a top layer on the primary core; 
positioning an edge layer on the second peripheral 
pressure surface, whereby the primary and periph- 
eral cores are enclosed by the top, bottom and as 
edge layers; and 

exposing the assembled layers and cores to ele- 
vated pressure and temperatures sufficient to cure 
the layers and form a substantially rigid, composite 
structural panel without deforming the cores. ^ 

11. The method of claim 10 wherein the first 
and second acute anqles are greater than approxi- 
mately 70' . . 

12. The method of claim 10 wherein the first 

and second acute angles are larger than predeter- 4S 
mined first and second critical angles for the pri- 
mary core and peripheral core, respectively, 
wherein the critical angles are angles at which the 
cores deform when exposed to a predetermined 
pressure. so 

13. The method of claim 10 wherein after the 
primary core tapering step and before the periph- 
eral core positioning step a septum is positioned 
on the first peripheral pressure surface. 
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® Reinforced honeycomb core sandwich panels and method for making same. 



® The composite structural panel has bottom (24), 
top (26) and edge layers (28) which enclose a pri- 
mary core (30). The core provides additional struc- 
tural strength to the panel. The edge layer (28) 
forms a desired panel edge angle of approximately 
20' to 45' . The primary core (36) is trimmed at an 
angle (46) of approximately one-half the desired 
edge angie to form a first pressure reaction surface 
(48). A peripheral core (56) is positioned on the 
tapered portion, of the primary core (36) so that the 
axis of the peripheral core (56) is perpendicular to 
the first pressure, reaction surface (48). The periph- 
eral core Is trimmed to form a second pressure 
reaction surface (62) beneath the edge of the panel. 
The structure is lightweight and resists deformation 
of the panel edge when the panel is cured under 
2 elevated pressure in an autoclave. 
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